INTRODUCTION
We simulate potential pandemics originating from different places. It is difficult to predict the origins of future pandemics. However, it may be possible to estimate how the spread progresses by tracing the number of travelers between countries. In this paper, at first we observe and analyze the travelers network which is derived from real data on the number of travelers between countries. Then we simulate a pandemic with several different origins using our model and figure out how the pandemic would progress from each of these different origins. We examine the impact of each pandemic in countries and in the world and compare the differences among the different origins.
II. RELATED RESEARCH
Simulating the spreading of infectious disease has been studied in the past. We discuss the differences between this work and other related research. First, a lot of research about simulating disease spread focuses on a prevention/mitigation strategy by comparing the base simulation and an alternative simulation which considers their proposed strategy (e.g.
[1][2][3][4][5][6]
). In addition, most of existing research simulates with a generated situation which models the real world (e.g. [1] [2] [5] [6] [7] [8] [9] ). On the other hand, we focus on simulating the pandemic using real data which reflects local condition and global connection. Although the simulation result could provide future hints that would help contain the spread of the disease, this paper does not directly propose a prevention strategy.
Second, much research considers the spread of infectious disease from either the local or global point of view (e.g. [3] [5] [6] [8] [10] ). In addition, much research simulate using one of the equation based (e.g. SIR or SEIR differential equation model), agent based, or network based model (e.g. [8] [11] [12] ). On the other hand, we simulate the pandemic from the global point of view considering local infection in each country. Also, we use a hybrid model which considers both the SEIR based model and network based model using the concept of agent based model. Third, simulation parameters determine the path of spread.
Some research values the basic reproduction number R0 as an influential parameter (e.g. [3] [13] ). We don't determine R0. This is based on the assumption that R0 varies according to country. In our simulation, we consider setting the parameters to model a mild pandemic such that it doesn't spread so rapidly but spread worldwide.
III. MODELING
Previous attempts to model spreading infectious diseases tended to fall into one of two categories. Equation-based models like the SEIR model is suitable for a large-scale spreading of diseases. These models use just a few parameters to reproduce the spreading phenomenon. However it is difficult to reflect detailed situation in countries which have different local infection conditions. Network or agent-based simulation models can theoretically reflect the detail of individual conditions. However, modeling large-scale global diseases is difficult as too many parameters are needed for simulation. Thus we propose a hybrid model. We make a simple model using a small number of parameters and make it capable of simulating a general pandemic.
We simulate using several countries. When we think of an infection in a country, there are three possibilities for new infection; (1) infection from foreign travelers, (2) infection from returning travelers, and (3) infection from local residents. , is calculated by the expression; (1) where is the number of Infectious agents of country j at time t. is the total amount of both traffic from country i to j and from j to i. is the global infection probability at time t and is calculated by the expression;
where is the basic global infection probability between countries. is a "deductor" for the global infection. t is time (simulation cycle). and are constants and are uniformly used for every country. Thus the global infection probability , decreases along the simulation cycle. We assume that, in the real world, the global infection occurs with high probability in early pandemic due to the lack of awareness of the disease. As the disease spreads, people take preventive measures against the infection and the pandemic decreases. We apply this concept in the simulation. The number of Exposed agents in country i at time t, , is updated by adding to at each simulation cycle.
We assume that the local infection probability depends on the population density of a country. Thus if the country is dense, people are more likely to be infected. The basic local infection probability of country i, is given by the expression; 
where is the basic local infection probability of country i which is obtained by equation (3) . is a "deductor" for the local infection and is a constant which is used for every country. t is time (simulation cycle). Similar to the global infection, the local infection probability decreases as the simulation cycle increases. This reflects people's awareness. The number of Exposed agents in country i at time t, , is updated by adding to at each simulation cycle. IV. TRAVELERS NETWORK First, we select some origins for the simulation. In order to select countries from different geographical areas, we choose 5 of the continents: Africa, Americas, Asia, Europe, and
Oceania. From these 5 regions, we choose 2 to 3 countries based on highest GDP countries referring to IMF's estimations [14] We investigate the travelers network among 65 countries. 
V. SIMULATION AND RESULTS
We simulate 65 countries. For the global infection, we use the travelers network which is investigated in the previous section. For the local infection, we use the actual population and population density in each country simulated referring to [17] . We set the simulation parameters to model a mild pandemic such that it spreads worldwide but does not spread so rapidly. We set the simulation cycle as 364, which is long enough to simulate possible converges of the pandemic. The differences in the impact of the pandemic to different countries are more important than the raw number of cases.
Thus we look at the ratio of the number of cases in a country to that in the origin. Our results can be useful when comparing different situations. For example, in this paper, we discover that certain countries have more influence than others. In the following section, we focus on some countries which have most significant impact with different situations, but not specifically on the number of cases in each situation. Table 2 shows Top 5 countries which have most significant impact with 14 different origins. Each country has a value which shows the ratio of the number of cases in that country to that in the origin. For example, when Brazil is an origin of the pandemic, the United States is the most significantly impacted country in the world and the number of cases is 1.58 times larger than that of Brazil, while Japan is thirdly impacted and its number of cases is 67% of Brazil. When the origin is New Zealand, the infection does not spread to other countries in our simulation.
In the simulation result, every country is most significantly impacted when it is the origin of the pandemic. For example, the Unites States is most significantly impacted when the pandemic originates in the United States. However, it is not necessary that the country of origin of a pandemic is the most seriously affected. For example, when the origin is the United States, the country which has the most significant impact is China. When calculate the total number of cases in the world as the total population in the world is 6.67 billion, while the total population in simulated 65 countries is about 5 billion, referring to [17] . The fourth influential country is United Kingdom. This is because United Kingdom has many related countries to spread the pandemic. Japan and Canada is ranked fifth and sixth in this figure. These countries strongly related with China and the United States. Thus when the pandemic occurs in these countries, it quickly spreads to China and the United States at first, and then spreads worldwide from these countries.
Consequently the number of cases in the world increases. In fact, looking at Table 2 , we see China and the United States are the most impacted countries when the origin is Canada and/or Japan. Thus when the pandemic originates from these countries, it quickly spreads to all over the world and the total cases in the world increases.
The world has the least impact when the origin is New Zealand in this experiment. It is thought that New Zealand has less potential to have the local infection due to its small population. Thus an infection hardly spreads out from New
Zealand to other countries in our simulation. When we use higher value for the parameter of the infection probability for local and global, it is expected that the pandemic spreads to the world through Australia. In addition, the world has less impact when the origin is South Africa in our experiment. This is due to its less relationship with other regions. In our simulation, the epidemic originates from South Africa spreads to only its neighboring countries and epidemic does not spread worldwide. When we use higher value of the global infection probability, it is expected that the pandemic spreads to the world through United Kingdom and the total cases in the world increases.
VI. CONCLUSIONS
In this paper, we simulated pandemics originating 14 different countries. We referred to the Top 5 related countries in terms of the number of travelers in real data. We found totally 65 countries which were 2 neighborhoods from given 14 countries. Thus we simulated these 65 countries.
We analyzed the travelers network among 65 countries and found some strong relationships between particular countries. The impact of the pandemic differed with the origin. We compared the impact of the pandemics in each country with 14 different origins. The impact in a country much depended on the origin. Then we found that each country had the most significant impact when it was the origin, but it was possible that other countries had more impact than the origin had. Next we compared the impact of each of the pandemics to the world by estimating the total number of cases in the world for each origin case. We discovered that world had the most significant impact when the pandemic originated in the United States in our simulation. It is thought that this is because the United
States has many related countries. The estimated number of cumulative cases in the world was larger, when the origin was the United States, India, China, United Kingdom, Japan, and Canada. These countries have, a large population, high population density, and/or, perhaps most importantly, many related countries. When the pandemic originated from these countries, it quickly spread to all over the world and the total number of cases in the world was large. The impact of the pandemic is influenced by the characteristics of the specific infectious disease such as the infection rate and mortality rate.
We expect that the location of the origin of the pandemic also strongly influences the impact to the world since the total number of cases in the world varies based on different origins of the pandemic, as our simulation results showed. Thus the investigation of the infection routes considering the travelers network and the number of travelers between countries is important to understand how a pandemic spreads through the world.
